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SYSTEMS AND METHODS FOR APPLYING
DIRECTED ENERGY TO AN OBJECT

BACKGROUND

The field of the disclosure relates generally to light-based
directed energy systems, and more specifically, to methods
and systems for applying directed energy to an object.

At least some known directed energy systems use light
beams to apply directed energy to an object and/or to alter a
physical characteristic of the object. One method used to alter
a physical characteristic of an object involves operating a
directed energy system to interact with a resonant frequency
of the object. For example, known directed energy sources
include high-powered lasers, such as a chemical oxygen
1odine laser (COIL), a hydrogen fluoride (HF) laser, and/or a
deutertum fluoride (DF) laser. Such directed energy sources
are single frequency directed energy sources that typically
emit wavelengths 1n the infrared region.

However, the use of known single frequency directed
energy sources 1s limited because the sources that generate
high power are not usually naturally coincident with resonant
frequencies that cause high levels of conditional change of the
object. As such, known directed energy systems may be inet-

ficient and/or inetiective at altering a physical characteristic
ol an object.

BRIEF DESCRIPTION

In one aspect, a system 1s provided for applying directed
energy to an object. The system 1ncludes a first transmitter
comprising a light source configured to emait a first light beam
at a first frequency towards a focal point and a second trans-
mitter comprising a light source configured to emit a second
light beam at a second frequency towards the focal point. The
first and second light beams cause a third light beam to be
generated that has a third frequency that 1s coincident with at
least one resonant frequency of the object.

In another aspect, a method of applying directed energy to
an object 1s provided. The method includes emitting a {first
light beam at a first frequency towards a focal point, and
emitting a second light beam at a second frequency towards
the focal point. The method also includes mixing the first and
second light beams to cause a third light beam to be generated
that has a third frequency that i1s coincident with at least one
resonant frequency of the object and applying the third light
beam to a surface of the object.

The features, functions, and advantages that have been
described herein can be achieved independently 1n various
embodiments or may be combined 1n vet other embodiments,
turther details of which can be seen with reference to the
following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary directed energy system that
may be used to apply directed energy on an object and/or that
may be used to change a physical characteristic of the object.

FIG. 2 illustrates an exemplary directed energy system
including a non-linear mixing device that 1s used to mix the
light beams before a beam 1s applied to the object.

FI1G. 3 1llustrates an alternative directed energy system that
may be used to apply directed energy on an object and/or that
may be used to change a physical characteristic of the object.

FI1G. 4 1s a flow diagram of an exemplary method that may
be executed to apply directed energy to an object.
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2
DETAILED DESCRIPTION

FIG. 1 illustrates an exemplary directed energy system 100
that may be used to apply directed energy on an object 102,
and/or that may be used to alter a physical characteristic of
object 102. In the exemplary embodiment, directed energy
system 100 includes at least one transmitter 104. More spe-
cifically, 1n the exemplary embodiment, directed energy sys-
tem 100 includes a first transmitter 106 and a second trans-

mitter 108. Alternatively, directed energy system 100 may
include any number of transmitters 104 that enables directed
energy system 100 to function as described herein. Object
102 may be, but 1s not limited to only being, a vehicle, a
building, a person, or any other object that may be least
partially interact with light.

Unless otherwise specified, transmitters 104 are substan-
tially identical, and each includes a light source 110, an output
intensity control module 112, an output frequency control
module 114, and an output polarization control module 116
that are each positioned within a housing 118. Light source
110 generates a light beam 120 that 1s emitted from transmit-
ter 104. In the exemplary embodiment, light source 110 1s a
laser. Alternatively, light source 110 may be any other source
that enables transmaitter 104 to generate a light beam 120 as
described herein.

Output 1ntensity control module 112 1s coupled to light
source 110. Output intensity control module 112 receives
light beam 120 from light source 110 and selectively controls
and/or adjusts an intensity of light beam 120. In the exem-
plary embodiment, output intensity control module 112
includes a feedback system that controls and/or adjusts the
intensity of light beam 120 and outputs light beam 120 at a
predetermined intensity. Alternatively, output intensity con-
trol module 112 may include any other device that enables
transmitter 104 to control the mtensity of light beam 120 as
described herein.

Output frequency control module 114 1s coupled to output
intensity control module 112. Output frequency control mod-
ule 114 recerves light beam 120 from output intensity control
module 112 and controls and/or adjusts a frequency of light
beam 120. In the exemplary embodiment, output frequency
control module 114 includes an etalon, a passive grating,
and/or an optical filter. Alternatively, output frequency con-
trol module 114 may include any other device that enables
transmitter 104 to control and/or adjust the frequency of light
beam 120 as described herein.

Output polarization control module 116 1s coupled to out-
put frequency control module 114 and receives light beam
120 emitted from output frequency control module 114 and
controls and/or adjusts a polarization of light beam 120. In the
exemplary embodiment, output polarization control module
116 includes a polarizer (not shown) and/or a wave plate (not
shown). Alternatively, output polarization control module
116 may include any other device that enables transmaitter 104
to control and/or adjust the polarization of light beam 120 as
described herein.

In the exemplary embodiment, first transmitter 106 and
second transmitter 108 emait light beams 122 at the same or at
different frequencies. More specifically, in the exemplary
embodiment, first transmitter 106 emaits a first light beam 122
at a first frequency, and second transmitter 108 emaits a second
light beam 124 at a second frequency. Each light beam 122
and 124 1s directed towards the same location or focal point
126. In the exemplary embodiment, focal point 1s on a surface
128 of object 102 such that first light beam 122 and second
light beam 124 at least partially interact on surface 128.
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First light beam 122 and/or second light beam 124 interact
with each other at surface 128 such that material excitations
are generated on surface 128. The interaction with respect to
first light beam 122 and/or second light beam 124 on surface
128 generates an effective energy transier that facilitates a
more expedient change in the physical state of object 102. In
some embodiments, first and second light beams 122 and 124
interact with a resonant frequency of object 102 to generate
suificient material excitations to physically destroy object
102.

As used herein, the interaction between first light beam
122, second light beam 124, and surface 128 of object 102
causes a third light beam 130 to be generated with a third
frequency that 1s different from the frequency of the light
beams received at the surface.

In the exemplary embodiment, the interaction of light
beams 122 and 124 non-linear response of surface 128 causes
a third light beam 130 to be generated at focal point 126.
Beam 130 has a second harmonic frequency relative to first
light beam 122 and of second light beam 124 that 1s approxi-
mately two times the frequency of first light beam 122 and/or
second light beam 124. Moreover, third light beam 130 has a
second order combination (1.e., a second order effect) as
compared to first light beam 122 and second light beam 124.
The second order effect may cause third light beam 130 to
have a frequency that 1s approximately equal to a sum of the
frequencies of first hght beam 122 and second light beam 124,
or a frequency that 1s approximately equal to a difference
between the frequencies of first light beam 122 and second
light beam 124. Alternatively or additionally, the frequency of
third light beam 130 may be generated at any other non-linear
combination relative to first light beam 122 and/or second
light beam 124.

FI1G. 2 1llustrates an exemplary directed energy system 100
including a non-linear mixing device 200 that 1s used to mix
light beams 122 and 124 to generate a third light beam 130
that 1s emitted towards object 102. Unless otherwise speci-
fied, similar components are identified 1n FIG. 2 with the
same reference numerals used 1n FIG. 1.

In the exemplary embodiment, directed energy system 100
includes transmitters 106 and 108 and non-linear mixing
device 200. Non-linear mixing device 200 1s between object
102 and first and second transmitters 106 and 108 to enable
mixing device 200 to receive first and second light beams 122
and 124 and to enable third light beam 130 to be emuitted
towards object 102. Non-linear mixing device 200 may be
manufactured from known non-linear optical crystals, which
include, but are not limited to only including, p-barium
borate, lithium 1odate, potassium niobate, monopotassium
phosphate, lithtum triborate, potassium titanyl phosphate,
lithium nmiobate, and ammonium dihydrogen phosphate.

In the exemplary embodiment, the interaction of beams
122 and 124 causes a third light beam 130 to be generated
with a harmonic frequency that 1s different than that of beams
122 and 124 (1.¢., a frequency that 1s approximately two times
the frequency of beams 122 and 124), and/or third light beam
130 has a second order combination (1.e., a second order
elfect) as compared to beams 122 and 124. The second order
cifect may cause third light beam 130 to have a frequency that
1s approximately equal to a sum of the frequencies of beams
122 and 124, and/or a frequency that 1s approximately equal
to a difference between the frequencies ol beams 122 and 124.
Alternatively or additionally, the frequency of third light
beam 130 may be at any other combination of the frequencies
of beams 122 and 124.

Non-linear mixing device 200 guides and emaits third light

beam 130 towards object surface 128 such that beam 130
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interacts with surface 128 1in a non-linear fashion to create
material excitations across a part of surface 128. The interac-
tion on surface 128 creates an efl

ective energy transier that
facilitates a change 1n the physical state of object 102. More
specifically, an efficiency of system 100 1s facilitated to be
enhanced and increased as compared to at least some known
directed energy systems.

FIG. 3 illustrates an alternative directed energy system 300
that may be used to apply directed energy on an object 102
and/or that may be used to change a physical characteristic of
object 102. Directed energy system 300 1s similar to directed
energy system 100 (shown in FIG. 1), and similar compo-
nents are identified in FIG. 3 with the same reference numer-
als used in FIG. 1.

In the exemplary embodiment, directed energy system 300
includes a first transmitter system 302 and a second transmiut-
ter system 304. First transmitter system 302 includes first
transmitter 106, and second transmitter system 304 includes
second transmitter 108. Moreover, first transmitter system
302 and second transmitter system 304 each includes a pro-
cessor 306, a memory 308, and a communication device 310
for use 1n communicating with each other.

Processor 306 includes any suitable programmable circuit
including one or more systems and microcontrollers, micro-
processors, reduced 1nstruction set circuits (RISC), applica-
tion specific integrated circuits (ASIC), programmable logic
circuits (PLC), field programmable gate arrays (FPGA), and
any other circuit capable of executing the functions described
herein. The above examples are exemplary only, and thus are
not intended to limit 1n any way the definition and/or meaning
of the term “processor.”

Memory 308 includes a computer readable storage
medium, such as, without limitation, random access memory
(RAM), tlash memory, a hard disk drive, a solid state drive, a
diskette, a flash drive, a compact disc, a digital video disc,
and/or any suitable memory. In the exemplary embodiment,
memory 308 includes data and/or instructions that are execut-
able by processor 306 to enable processor 306 to perform the
functions described herein.

Communication device 310 may include, without limaita-
tion, a radio frequency (RF) transceiver, a network interface
controller (NIC), a network adapter, and/or any other com-
munication device that enables directed energy system 300 to
operate as described herein. Communication devices 310
transmit data to, and receive from, with each other using any
suitable communication protocol.

In the exemplary embodiment, data 1s transmitted between
transmitter systems 302 and 304 to {facilitate applying
directed energy to object 102. For example, first transmaitter
system 302 may transmit, to second transmuitter system 304, a
frequency at which first transmitter system 302 emuits {first
light beam 122. Additionally or alternatively, second trans-
mitter system 304 may transmit, to first transmitter system
302, a frequency at which second transmitter system 304
emits second light beam 124. Processor 306 of first transmiut-
ter system 302 and/or of second transmitter system 304 may
calculate the frequencies at which to emit beams 122 and 124
such that when mixed at focal point 126, beams 122 and 124
interact with object 102 at 1ts resonant frequency.

In one embodiment, a frequency of light beam 122 1s con-
trolled or selected by processor 306 of first transmitter system
302 to reduce an interference with ambient air or an ambient
environment. Moreover, processor 306 may communicate,
via communication devices 310, position and/or aim of trans-
mitter systems 302 and 304 with respect to object 102 to




US 9,063,387 Bl

S

facilitate aligning beams 122 and 124. Additionally or alter-
natively, any other data may be transmitted between transmuit-
ter systems 302 and 304.

In an alternative embodiment, directed energy system 300
includes an object monitoring system 312 communicatively
coupled to communication devices 310. Object monitoring
system 312 monitors and/or senses various characteristics
relating to object 102 and communicates them to directed
energy system 300. For example, object momitoring system
312 may monitor whether beams 122 and 124 are interacting
at focal point 126. If interaction 1s not occurring, object moni-
toring system 312 commumicates with communication
devices 310 to adjust the aim of transmitter system 302 and/or
304. Object monitoring system 312 may also monitor physi-
cal characteristics of object 102 to determine and communi-
cate a status of a variety of operating parameters, including
but not limited to, health and/or physical state of object 102,
whether and/or to what extent beams 122 and 124 at their
designated frequencies are altering physical characteristics of
object 102, and whether any foreign objects such as humans
or vehicles enter a predetermined radius of danger with
respect to object 102.

During operation, 1in the exemplary embodiment, a particu-
lar object 102 to be altered 1s selected and at least one resonant
frequency 1s determined for object 102. In one embodiment,
resonant frequency information for specific objects 102 1s
stored 1n a database or library that can be accessed by a user.
In another embodiment, directed energy system 100 may use
transmitters 106 and 108 to scan object 102 for 1ts resonant
frequency. More specifically, first transmitter 106 emits first
light beam 122 at a substantially constant first frequency,
while second transmitter 108 scans a range ol frequencies
using second light beam 124 until the resonant frequency of
object 102 1s determined.

In the exemplary embodiment, first transmitter system 302
uses first transmitter 106 to emit a first light beam 122 towards
tocal point 126, which may be a point on surface 128 of object
102 or a poimnt on non-linear mixing device 200. Second
transmitter system 304 emits a second light beam 124 towards
focal point 126. Beams 122 and 124 interact to generate third
light beam 130 with a third frequency that 1s different that the
frequencies of beams 122 and 124. Third beam 130 interacts
with a resonant frequency of object 102 to generate material
excitations on surface 128 and to facilitate a more expedient
change 1n the physical state of object 102.

FI1G. 4 15 a flow diagram of an exemplary method 400 that
may be used to direct energy to object 102 and that may be
used with directed energy system 100 (shown in FIG. 1)
and/or 300 (shown 1n FI1G. 3). In the exemplary embodiment,
method 400 1s at least partially executed by a processor, such
as processor 306 (shown 1n FIG. 3).

In the exemplary embodiment, method 400 includes deter-
miming 402 at least one resonant frequency of a selected
object 102 (shown 1n FIGS. 1, 2, and 3). In one embodiment,
resonant frequency information for specific objects 102 1s
stored 1n a database or library. In another embodiment,
directed energy system 100 scans 404 object 102 to determine
its resonant frequency. More specifically, 1n such an embodi-
ment, first light beam 122 1s emitted 406 at a substantially
constant {irst frequency, while scanning a range of frequen-
cies using second light beam 124.

In the exemplary embodiment, a processor 306 calculates
408 a first frequency to be emitted by first transmaitter 106 and
calculates 410 a second frequency to be emitted by second
transmitter 108, based on the resonant frequency returned for

object 102.
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First light beam 122 having a first frequency 1s emitted 412
towards a predetermined focal point 126. Second light beam
124 1s emitted 414 at a second frequency towards focal point
126. In one embodiment, beams 122 and 124 are focused on
surface 128. In another embodiment, beams 122 and 124 are
focused towards non-linear mixing device 200.

Beams 122 and 124 are mixed 416 at focal point 126 to
generate a third light beam 130 having a third frequency that
1s coincident with at least one resonant frequency of object
102. In one embodiment, mixing beams 122 and 124 causes a
third frequency to be generated that 1s a non-linear combina-
tion of the first frequency and the second frequency. In
another embodiment, beams 122 and 124 are mixed to inter-
act non-linearly with each other and with surface 128 to
generate a third frequency that 1s a second order combination
of the first and second frequencies. In such an embodiment,
the third frequency may be one of a sum of the first and second
frequencies and a harmonic of the first and second frequen-
cies. In the exemplary embodiment, the third light beam 130
1s then applied 418 to surface 128 to facilitate applying
directed energy at object 102 and/or changing a physical
characteristic of object 102.

The directed energy system described herein enables
directed energy to be applied to an object and/or enables a
physical characteristic of an object to be changed 1n a robust
and eflicient manner. The directed energy system emits a first
light beam at a first frequency and a second light beam at a
second Irequency towards a focal point, wherein the beams
are mixed non-linearly with a surface of the object. The
interaction of the surface and the light beams creates material
excitations on the object that creates an alteration and/or
destruction of the object. The frequencies of the first and
second light beams may be selected to be coincident with
resonances 1n the object, so energy transier may occur more
elfectively, and such that a rapid change 1n the physical char-
acteristic of the object may occur. In addition, the frequencies
of the first and second light beams may be selected to facili-
tate reducing environmental scattering and/or absorption, in
conjunction with the non-linear response of the surface to the
light beams. As such, an efficiency of the directed energy
system may be icreased as compared to at least some prior
art systems.

Exemplary embodiments of directed energy systems and
methods for applying directed energy to an object are
described above 1n detail. The directed energy systems and
the methods are not limited to the specific embodiments
described herein but, rather, components of the systems and/
or steps ol the methods may be utilized independently and
separately from other components and/or steps described
herein. Further, the described operations and/or components
may also be defined 1n, or used 1n combination with, other
systems, methods, and/or devices, and are not limited to prac-
tice with only the directed energy system as described herein.

Although the present embodiments are described 1n con-
nection with applying directed energy to an object, the
embodiments are operational to detect or determine other
aspects or characteristics of objects. The directed energy sys-
tems described herein are not intended to suggest any limita-
tion as to the scope of use or functionality of any aspect of the
disclosure. In addition, the directed energy systems described
herein should not be iterpreted as having any dependency or
requirement relating to any one or combination of compo-
nents 1llustrated 1n the exemplary operating environment.

The order of execution or performance of the operations 1n
the embodiments of the invention 1llustrated and described
herein 1s not essential, unless otherwise specified. That 1s, the
operations may be performed 1n any order, unless otherwise
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specified, and embodiments of the invention may include
additional or fewer operations than those disclosed herein.
For example, 1t 1s contemplated that executing or performing
a particular operation before, contemporaneously with, or
alter another operation 1s within the scope of aspects of the
invention.

Although specific features of various embodiments of the
invention may be shown in some drawings and not 1n others,
this 1s for convenience only. In accordance with the principles
of the invention, any feature of a drawing may be referenced
and/or claimed 1n combination with any feature of any other
drawing.

This written description uses examples to disclose various
embodiments, which include the best mode, to enable any
person skilled in the art to practice those embodiments,
including making and using any devices or systems and per-
forming any incorporated methods. The patentable scope 1s
defined by the claims, and may include other examples that
occur to those skilled 1n the art. Such other examples are
intended to be within the scope of the claims 11 they have
structural elements that do not differ from the literal language
of the claims, or 1f they 1include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.

What 1s claimed 1s:

1. A system for applying directed energy to an object, said
system comprising:

a {irst transmitter comprising a light source configured to
emuit a first light beam at a first frequency towards a focal
point; and

a second transmitter comprising a light source configured
to emit a second light beam at a second frequency
towards the focal point, the second transmitter config-
ured to scan a range of frequencies using the second light
beam, the second light beam emitted to cause a third
light beam to be generated that has a third frequency that
1s coincident with at least one resonant frequency of the
object, wherein at least one of the first transmitter and
the second transmitter 1s configured to determine the at
least one resonant frequency of the object.

2. A system 1n accordance with claim 1, wherein said first
and second transmitters emit towards the focal point located
on a suriace of the object.

3. A system 1n accordance with claim 1, wherein said first
and second transmitters emit towards the focal point located
on a non-linear mixing device.

4. A system in accordance with claim 1, wherein the first
light beam and the second light beam interact non-linearly
with each other and with a surface of the object to generate the
third frequency.

5. A system 1n accordance with claim 4, wherein the non-
linear combination of the first frequency and the second fre-
quency 1s a second order combination of the first frequency
and the second frequency.

6. A system 1n accordance with claim 5, wherein the second
order combination of the first frequency and the second fre-
quency 1s a sum of the first frequency and the second fre-
quency.
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7. A system 1n accordance with claim 5, wherein the second
order combination of the first frequency and the second fre-
quency 1s a harmonic of the first frequency and the second
frequency.

8. A system 1n accordance with claim 1, wherein the first
and second transmitters are configured to determine the reso-
nant frequency of the object.

9. A system 1n accordance with claim 8, wherein at least
one of the first transmitter and the second transmuitter 1s con-
figured to calculate the first and second frequencies to be
emitted based on the determined resonant frequency.

10. A system 1n accordance with claim 8, wherein the first
transmitter 1s configured to emit the first light beam at a
substantially constant first frequency.

11. A method of applying directed energy to an object, said
method comprising:

emitting a first light beam at a first frequency towards a

focal point;

emitting a second light beam at a second frequency towards

the focal point;
determiming the resonant frequency of the object by scan-
ning a range of frequencies using the second light beam;

mixing the first and second light beams to cause a third
light beam to be generated that has a third frequency that
1s coincident with at least one resonant frequency of the
object; and

applying the third light beam to a surface of the object.

12. A method 1n accordance with claim 11, further com-
prising emitting the first and second light beams towards the
focal point located on a surface of the object.

13. A method 1n accordance with claim 11, further com-
prising emitting the first and second light beams towards the
focal point located on a non-linear mixing device.

14. A method 1n accordance with claim 11, further com-
prising causing the first light beam and the second light beam
to interact non-linearly with each other and with the surface to
generate the third frequency.

15. A method 1n accordance with claim 14, further com-
prising causing the first light beam and the second light beam
to interact non-linearly with each other and with the surface to
generate the third frequency that 1s a second order combina-
tion of the first frequency and the second frequency.

16. A method 1n accordance with claim 15, wherein gen-
erating the third frequency comprises generating the third
frequency that 1s a sum of the first frequency and the second
frequency.

17. A method 1n accordance with claim 15, wherein gen-
erating the third frequency comprises generating the third
frequency that 1s a harmonic of the first frequency and the
second frequency.

18. A method 1n accordance with claim 11, further com-
prising calculating the first and second frequencies to be
emitted based on the determined resonant frequency.

19. A method 1n accordance with claim 11,

turther comprising determining the resonant frequency of

the object by emitting the first light beam at a substan-
tially constant first frequency.
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